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Background: Aging causes deterioration in the sensory systems and changes the pattern of muscle
activation, which impairs balance in elderly individuals compared to young adults. A few studies have
investigated the inﬂuence of such changes throughout the aging process by analyzing the postural
control at different age. The aim of this study is to evaluate static and dynamic balance as well as the
pattern of muscle activation in elderly women from different age groups.
Methods: A total of 57womenweredivided into three groups according to their age:Group1 (n¼17) 60e64
years, Group 2 (n¼ 20) 65e69 years and Group 3 (n¼ 20) 70e74 years. The pattern of muscle activation in
the lower limbs (vastus lateralis, tibialis anterior, biceps femoris, and gastrocnemius lateralis muscles),
displacement and velocity of center of pressurewere analyzed during static posture and during the tasks of
standing up from a seated position and sitting down from a standing position.
Results: The results showed no differences between the groups in terms of balance or pattern of muscle
activation. The women from the three age groups presented similar displacement and velocity of center
of pressure and pattern of muscle activation during static posture and during the tasks of standing up
from a seated position and sitting down from a standing position.
Conclusion: The postural control performed by elderly women is not entirely related to their age.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Among the several factors affecting the health of the elderly,
a fall is a major event resulting in a number of functional,
psychological and social impairments1,2. Studies show that theial or personal conﬂict for any
h Foundation of São Paulo
ts: Process n. 2008/9449-2).
of Improvement of Higher
to doctorate students).
rnmental support to under-
0) provided by FAPESP, which
ograph and height-adjustable
r or relationship that could
de De Medicina De Ribeirão
tes 3900, Ribeirão Preto, São
Gomes).
iwan Society of Geriatric Emergenincidence of falls increases with age3e5 and raises the question of
whether or not aging affects the postural control system.
The elderly postural control system has been studied to under-
stand the factors causing this population to have an impaired
balance and consequently more falls compared to young6,7 and
middle-aged adults8,9. In general, the deﬁcit in postural control
system is characterized by an increase in both displacement and
velocity of center of pressure (CoP) during static and dynamic
tasks7,9. The differences between young and older individuals is
even more evident in those tasks demanding more of the postural
control system, such as balancing on one foot6,9 and standing up
and sitting down10.
Several causes of poor postural control in the elderly have been
suggested11. Degeneration of sensorial systems (vestibular, visual
and proprioceptive)12, decrease in muscle force13,14 and changes in
the pattern of muscle activation6,15 are among the most cited
factors.
In order tomaintain the balance, the postural control system has
to integrate the sensory information on body oscillation and acti-
vate the muscles appropriately in terms of order and intensity16.
Studies have shown that elderly individuals activate more muscles
than young adults to keep their static balance or before externalcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Aging and Balance in Elderly Women 107perturbations15,17. In fact, elderly individuals activate three times
more of their muscles than young adults15.
Although several studies demonstrate that elderly individuals
exhibit poor balance and a different pattern of muscle activation
compared to young adults6e9,15,17e19, few have evaluated postural
control throughout the aging process by analyzing balance in the
elderly population from different age groups20e23 and the pattern
of muscle activation has not been evaluated at all.
The fact that elderly individuals are more likely to fall than
young adults3,5 suggests that the postural control system in the
elderly may be impaired. However, some studies report that there
is no difference between elderly individuals at certain age
groups20,23,24. Several studies on postural control establish that
elderly individuals are those aged 65 years or over6,15,25,26 without
taking into account possible differences in the postural control
between older and young adults. Based on this argument, some
questions have been raised. Do elderly individuals from different
age groups have similarities in their postural control that justify
considering them as a unique group? Can chronological age be used
to establish parameters for postural control in the elderly? Analysis
of postural control and the pattern of muscle activation in elderly
individuals from different age groups and in different balance
situationsmight yield important information on the behavior of the
postural control system throughout the aging process which would
help to answer such questions.
Therefore, the objective of the present study was to evaluate
balance and the pattern of muscle activation in elderly individuals
from different age groups in static and dynamic situations. We have
hypothesized that elderly individuals belonging to older age groups
exhibit greater displacement and velocity of CoP as well as greater
muscle activation compared to younger individuals, mainly in
situations of dynamic balance and reduced sensory information.
2. Materials and methods
2.1. Participants
A total of 57 elderly womenwho were divided into three groups
according to their age: Group 1 (n ¼ 17) 60e64 years, Group 2
(n ¼ 20) 65e69 years and Group 3 (n ¼ 20) 70e74 years (Table1).
The participants were voluntarily recruited from the Physical
Education, Sports and Recreation Center at the University of São
Paulo (CEFEReUSP) and from the community as well. All the
participants signed an informed consent form and the study was
previously approved by the local ethics committee (HCRP number
12922/2008). The exclusion criteria were the following: fracture or
lesion in lower limbs in the previous 6 months, vestibulopathies,
neuropathies, neurological problems, use of anxiolytic medication
or any other musculoskeletal problem interfering with the capacityTable 1
Mean standard deviation (SD) of age, anthropometric data (body mass, height and
bodymass index) and sociodemographic characteristics (practice of physical activity
and falls) for participants by age group.
Group 1 Group 2 Group 3
60e64 y 65e69 y 70e74 y
Age (y) 62.5  1.3 66.7  1.5 * 73.8  2.3* **
Body mass (kg) 67.6  10.3 69.2  11.2 67.6  5.8
Height (cm) 156.1  5.8 154.9  5.8 153.0  5.6
Body mass index (kg/m2) 27.8  4.1 28.9  5.0 29.0  3.3
Physical activity (h/wk) 3.7  2.1 3.8  2.9 3.7  2.1
Subjects who performed
physical activity (%)
65.0 55.0 60.0
Subjects who fell (%) 5.8 45.0 45.0
* Signiﬁcantly greater than Group 1 (60e64 y), p < 0.05.
** Signiﬁcantly greater than Group 2 (65e70 y), p < 0.05.tomaintain an upright stance or to stand up from and sit down onto
a chair.
2.2. Procedures
Datawere collected at the Bioengineering/Laboratory of Balance
Evaluation and Rehabilitation of the Ribeirão Preto School of
Medicine. On the day of evaluation, the participants were given
information about the procedures and then completed the consent
form. Data on history of falls in the previous 12 months and
physical activity were collected as well as measures of body mass
and height. Fall was deﬁned as unintentionally coming to rest on
the ground, ﬂoor or other lower level without hitting furniture, wall
or other structure27. Individuals were considered physically active if
they reported at least three weekly 30-minute sessions of low-level
physical activity (e.g., walking, swimming, dancing).
The experimental protocol involved two evaluations: static and
dynamic balance. Data were collected from a force platform (EMG
System do Brasil, São José dos Campos, São Paulo, Brazil) at an
acquisition frequency of 100 Hz. Displacement (range) and average
velocity of CoP trajectory were recorded in medialelateral (ML) and
anterioreposterior (AP) directions and then analyzed using the
Matlab software (Math Works, Inc., Natick, Massachusetts, United
States). For both evaluations, the participantswere positioned on the
force platform placed at a distance of 1.5 m from a white wall on
which therewasamark (ablack circleof 5 cmindiameter)positioned
at the height of the eyes of the participants in an upright position.
Static balance (ﬁrst evaluation) was assessed by asking the
participant to be upright and barefoot, staring at the mark on the
wall and keeping the feet positioned in a parallel stance at shoulder
width. Two experimental conditions were created: with eyes open
(EO) and closed (EC). Each attempt lasted 60 seconds and the
participants performed the task twice under each condition, with
the mean of the values being used for comparison.
Dynamic balance (second evaluation) was assessed by asking
the participant to remain seated on a chair with their arms crossed
against their chest, and no leaning against the back of the chair. The
chair’s height was adjusted so that the sitters’ ankles, knees and
hips were at an angle of 90 degrees. The participants were
instructed to stand up, and then maintain an upright position with
arms crossed while staring at the mark on the wall. After hearing
the command “sit down”, the participants had to sit downwithout
looking behind and without uncrossing their arms until the
examiner said “OK”. Each attempt lasted 40 seconds, i.e., approxi-
mately 5 seconds in the seated position and 30 seconds in the
upright position, and 5 seconds in the seated position again. Two
attempts were performed, with the mean of the values being used
for comparison.
Besides the variables related to CoP, the electromyographic
(EMG) activity of vastus lateralis (VL), tibialis anterior (TA), biceps
femoris (BF), and gastrocnemius lateralis (GL) muscles in the right
leg was recorded using electromyography (EMG System do Brasil,
Model 16-channel, São José dos Campos, São Paulo, Brazil). The
right side was chosen because more than 95% of the participants
were predominantly right-footed. Self-adhesive Ag/AgCl bipolar
surface electrodes were used (inter-electrode distance of 2 cm).
Electrodeswere connected to a 16-channel signal conditioner (EMG
Systems do Brasil, São José dos Campos, São Paulo, Brazil). The
electromyographic signals of the muscles were digitally recorded
using an A/D converter board with 16-bit dynamic resolution, and
the sampling frequency was set at 2 kHz with an input range
of  10 V. The electromyographic signal was ﬁltered using a But-
terworth pass-band ﬁlter (20e500 Hz).
The root mean square (RMS) of the total period taken for each
attempt (60 seconds) was calculated for the static balance, whereas
M.M. Gomes et al.108RMS was calculated at the standing (0.5 seconds) and sitting (0.5
seconds) moments for the dynamic balance. The RMS values were
normalized by the resting RMS value15,28, which was calculated
based on the beginning of the dynamic balance evaluation during
the 5-second period in which the participants remained seated
awaiting the examiner’s command to stand up. From this time
interval (5 seconds), it was possible to use the electromyographic
signal relative to the ﬁrst 500 milliseconds to calculate the resting
RMS. The mean EMG value regarding the two attempts of keeping
static and dynamic balance was used for comparison.
An examiner was close to the participants during the whole
experiment for security reasons, and rest intervals were allowed
depending on each participant’s need.
2.3. Statistical analysis
Normality and variance homogeneity were observed using the
ShapiroeWilks and Levene’s tests. In those situations where
normality and variance homogeneity were lacking, the variables
were transformed into logarithm base-10 function.
To verify the similarity in anthropometric data, analysis of
variance (ANOVA) was performed four times, with group as factor
and age, body mass, height and body mass index (BMI) as depen-
dent variables, respectively.
Multivariate analysis of variance (MANOVA) was performed
three times for static balance, with group and vision as factors, the
latter being treated as the repeated measure. The dependent vari-
ables for the MANOVAs were: AP and ML displacements of CoP; AP
and ML velocities of CoP; and RMS of VL, TA, BF, and GL muscles,
respectively.
For dynamic balance, three MANOVAs were performed. The ﬁrst
two MANOVAs were performed with group as factor, whereas the
third one with group and moment (stand sit) as factors, the latter
being treated as repeated measure. The dependent variables for
MANOVAs were: AP and ML displacements of CoP; AP and ML
velocities of CoP and RMS of VL, TA, BF, and GL muscles,
respectively.
Univariate analyses and post hoc tests (Tukey) were employed
whenever needed. All statistical analyses were performed by using
the SPSS software (V16.0, SPSS Inc., USA) at a signiﬁcance level of
0.05.
3. Results
Table 1 lists the age and anthropometric variables (body mass,
height and BMI) of the participants from the three groups.Fig. 1. Center of pressure displacement (cm) in (A) anterioreposterior (AP) and (B) mediale
(EO) and eyes closed (EC).Univariate analyses showed differences only in age [F(2,54)¼ 192.5,
p < 0.05, h2 ¼ 0.88, observed power ¼ 0.99], whereas body mass
[F(2,54) ¼ 0.18, p > 0.05, h2 ¼ 0.01, observed power ¼ 0.08], height
[F(2,54) ¼ 1.13, p > 0.05, h2 ¼ 0.04, observed power ¼ 0.24], and
BMI [F(2,54) ¼ 0.45, p > 0.05, h2 ¼ 0.02, observed power ¼ 0.12]
had no statistical difference. Post hoc tests indicated that Group 3
showed higher age than the other groups, whereas Group 2 showed
higher age than Group 1. This means that the age groups were
indeed different, thus corroborating the initial hypothesis of the
study and demonstrating that anthropometric variables were
similar between the three groups.
With regard to the history of falls, 5.8% of the women from
Group 1 had experienced one such event in the previous year,
whereas 45% from Groups 2 and 3 reported that they had fallen in
the same period. In terms of physical activity, 65% of the women
from Group 1, 55% from Group 2 and 60% from Group 3 reported
that they practiced physical activities at least three times a week.
3.1. Static balance
Fig. 1A and B show CoP displacement in AP and ML directions,
respectively, in the three groups regarding EO and EC conditions.
MANOVA showed no effect of group [Wilks’ lambda ¼ 0.97,
F(4,106) ¼ 0.45, p > 0.05, h2 ¼ 0.02, observed power ¼ 0.15] but
effect of vision [Wilks’ lambda ¼ 0.78, F(2,53) ¼ 7.24, p < 0.05,
h2 ¼ 0.22, observed power ¼ 0.93].
With regard to the AP direction (Fig. 1A), univariate analyses
indicated effect of vision [F(1,54) ¼ 14.38, p < 0.05, h2 ¼ 0.21,
observed power ¼ 0.96]. The participants from the three groups
exhibited an increased displacement of CoP in the AP direction in
the condition of eyes closed. As for the ML direction (Fig. 1B),
univariate analyses showed an interaction between groups and
vision [F(2,54) ¼ 3.85, p < 0.05, h2 ¼ 0.13, observed power ¼ 0.67],
with post hoc tests indicating that only women fromGroup 2 had an
increase in the CoP displacement in ML direction for eyes closed.
Fig. 2A and B show the velocity of CoP in AP and ML directions,
respectively, in the three groups regarding EO and EC conditions.
MANOVA showed no effect of group [Wilks’ lambda ¼ 0.94,
F(4,106) ¼ 0.78, p > 0.05, h2 ¼ 0.03, observed power ¼ 0.24] but
effect of vision [Wilks’ lambda ¼ 0.69, F(2,53) ¼ 11.87, p < 0.05,
h2 ¼ 0.31, observed power ¼ 0.99 ].
With regard to the AP direction (Fig. 2A), univariate analyses
indicated effect of vision [F(1,54) ¼ 20.70, p < 0.05, h2 ¼ 0.28,
observed power ¼ 0.99]. The participants from the three groups
exhibited an increased displacement of CoP in the AP direction in
the EC condition. As for the ML direction (Fig. 2B), univariatelateral (ML) directions for the three age groups regarding quiet stance with eyes open
Fig. 2. Center of pressure velocity (cm) in (A) anterioreposterior (AP) and (B) medialelateral (ML) directions for the three age groups regarding quiet stance with eyes open (EO)
and eyes closed (EC).
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h2 ¼ 0.21, observed power ¼ 0.96]. The participants from the three
groups had an increase in the CoP displacement in ML direction for
eyes closed.
Fig. 3A and B show normalized EMG of VL, TA, BF and GLmuscles
for the three groups in EO and EC conditions, respectively. MANOVA
showed neither effect of group [Wilks’ lambda ¼ 0.78,
F(8,96)¼ 1.55, p> 0.05, h2¼ 0.11, observed power¼ 0.66] nor effect
of vision [Wilks’ lambda ¼ 0.95, F(4,48) ¼ 0.60, p > 0.05, h2 ¼ 0.05,
observed power ¼ 0.18]. Women from the three groups activated
the VL, TA, BF, and GL muscles in a similar way. In addition, in none
of the three groups did the lack of vision (EC) change the EMG of the
muscles assessed.
3.2. Dynamic balance
Fig. 4A and B show displacement and velocity, respectively, of
CoP in AP and ML directions in the three groups during the sit-to-
stand test. With regard to displacement (Fig. 4A), MANOVA showed
no effect of group [Wilks’ lambda ¼ 0.87, F(4,88) ¼ 1.53, p > 0.05,
h2 ¼ 0.07, observed power ¼ 0.46]. The groups presented similar
CoP displacements in the AP and ML directions during the sit-to-
stand task. As for the CoP velocity (Fig. 4B), MANOVA also
showed no effect of group [Wilks’ lambda ¼ 0.83, F(4,94) ¼ 2.20,
p > 0.05, h2 ¼ 0.09, observed power ¼ 0.63], with women from the
three groups having similar CoP velocity in both AP and ML
directions during the sit-to-stand task.
Fig. 5A and B show normalized EMG of VL, TA, BF, and GL
muscles for the three groups during the standing and sitting
activities, respectively. MANOVA showed no effect of group [Wilks’
lambda ¼ 0.88, F(8,84) ¼ 0.68, p > 0.05, h2 ¼ 0.06, observedFig. 3. Normalized root mean square of the vastus lateralis (VL), tibialis anterior (TA), bi
regarding quiet stance with (A) eyes open and (B) eyes closed.power ¼ 0.29] but a moment effect [Wilks’ lambda ¼ 0.35,
F(4,42) ¼ 19.53, p < 0.05, h2 ¼ 0.65, observed power ¼ 0.99].
With regard to the VL muscle, univariate analyses indicated
a moment effect [F(1,45) ¼ 26.41, p < 0.05, h2 ¼ 0.37, observed
power ¼ 0.99] as well as interaction between moment and group
[F(2,45)¼ 4.61, p< 0.05, h2¼ 0.17, observed power¼ 0.75]. Post hoc
tests indicated that women from Groups 2 and 3 exhibited greater
VL activity during the standing task compared to the sitting task.
For the TA muscle, univariate analyses also indicated a moment
effect [F(1,45) ¼ 11.18, p < 0.05, h2 ¼ 0.20, observed power ¼ 0.91],
with the participants from the three groups exhibiting greater TA
activity during the sitting task compared to the standing task. With
regard to the BF muscle, univariate analyses showed a moment
effect as well [F(1,45) ¼ 20.38, p < 0.05, h2 ¼ 0.31, observed
power¼ 0.99]. The participants from the three groups had a greater
BF activity during the standing task compared to the sitting task. On
the contrary, univariate analyses showed no moment effect for the
GL muscle [F(1,45) ¼ 0.17, p > 0.05, h2 ¼ 0.01, observed
power ¼ 0.07]. Women from the three groups exhibited a similar
GL activation during the sit-to-stand task.
4. Discussion
The purpose of the study was to assess the effect of the aging
process on static and dynamic balances as well as on the pattern of
muscle activation in elderly women from age groups of 60e64
years (Group 1), 65e69 years (Group 2), and 70e74 years (Group
3). The results indicated that both static and dynamic balance was
similar between the three groups. Also, it was found that the
pattern of muscle activation was virtually the same for the three
groups in both evaluations.ceps femoris (BF) and gastrocnemius lateralis (GL) muscles for the three age groups
Fig. 4. Center of pressure (A) displacement and (B) velocity in anterioreposterior (AP) and medialelateral (ML) directions for the three age groups regarding dynamic balance.
M.M. Gomes et al.110In our initial hypothesis, we believed that elderly individuals at
higher age groups would exhibit greater displacement and velocity
of CoP in relation to those at lower age groups, mainly in conditions
of reduced sensory information. This hypothesis was raised from
the results of studies reporting that greater age-related differences
in balance occur in the absence of vision8,29. In fact, elderly women
from the three groups had an increase in both displacement and
velocity of CoP in the AP directionwhen visual informationwas not
available, thus corroborating previous studies8,29. However,
contrary to our hypothesis, there was no difference in the balance
between the groups, suggesting a similarity in postural control of
women aged 60e74 years.
However, other studies21,22 reported that elderly individuals in
a higher age group (70e79 years) had a poorer balance than those
at lower age groups (60e69 years). The results revealed that older
individuals (70e79 years) demonstrated greater displacement and
velocity of CoP compared to the younger ones (60e69 years).
The difference in the balance of elderly people from different
age groups was also demonstrated by Fujita et al20. Although the
results showed that adults over 80 years had worse balance than
younger elderly people (60e69 and 70e79 years), no difference
was found between the elderly people in the age groups 60e69 and
70e79 years. Based on the ﬁndings by Fujita and colleagues20 and
considering the three age groups evaluated in the present study, we
can state that there is no difference in the balance of women aged
60e74 years. A possible explanation for the divergence between
our results and those from previous studies21,22 is the fact that the
decrease in postural control throughout the aging process does not
occur on a linear basis23. As a result, the small age differences
chosen to divide the groups in the present study (5-year intervals)
does not seem to be enough to produce noticeable changes in the
postural control of elderly women. Another aspect to be consideredFig. 5. Normalized root mean square of vastus lateralis (VL), tibialis anterior (TA), biceps fem
the (A) stand-up and (B) sit-down phases.refers to modiﬁcations in the Brazilian healthcare policy in which
greater attention has been paid to health promotion and preven-
tion, including encouraging healthy daily habits, with elderly
individuals becoming more active and inserted in the society. This
point of view has possibly inﬂuenced positively the quality of aging.
Postural control depends on a intricate relationship between
sensory information and motor activity16. The aging process causes
deterioration in the sensory systems and changes the pattern of
muscle activation6,11,15. Therefore, in our initial hypothesis, we also
believed that the older the individual the greater such effects, and
consequently, the worse is the postural control. Nevertheless, our
hypothesis was not conﬁrmed, because the pattern of muscle
activationwas similar for the three groups regarding both static and
dynamic balances.
All groups presented the same EMGmagnitude during the static
balance regardless of the vision. Despite the increase in both
velocity and displacement of CoP in EC condition, the EMG
magnitude of the muscles did not increase. We suggest that other
muscles might be more active in controlling the greater CoP
displacement in the EC condition. Also, it is possible that the sum of
the muscles is sufﬁciently great to induce signiﬁcant postural
change without displaying signiﬁcant increase in each muscle or
any individual muscle. In addition, the three groups demonstrated
a similar pattern in relation to the movement phases, requiring
more activation of VL and BF muscles to stand up (except VL for
Group 1), TA muscle to sit down, and analogous activation of GL
muscle to stand up and sit down.
We have found no study that has assessed the EMG of lower
limb muscles of elderly individuals at different age groups during
either static or dynamic balance for comparative purposes.
However, the results from studies comparing young and old
women corroborate our ﬁndings15,25. Laughton et al15 found nooris (BF) and gastrocnemius lateralis (GL) muscles for the three age groups regarding
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of young adults (mean age ¼ 27 years) compared with those of
elderly individuals (mean age ¼ 75 years) during static balance.
Gross et al25 evaluated the EMG magnitude of VL, TA, BF and GL
muscles during the standing task and found no difference between
young (mean age ¼ 24.2 years) and elderly women (mean
age ¼ 70.1 years). Considering that the EMG magnitude during
static and dynamic balances was found to be similar between
women from very different age groups15,25, it is no surprise that
a similar behavior was also found in individuals from close age
groups, as in the present work.
As a whole, the ﬁndings regarding the EMG pattern and the
velocity and displacement of CoP indicate that chronological age
does not seem to be amajor factor for determining the performance
of the postural control system in women 60e74 years old. We
suggest that other parameters rather than age should be considered
to establish references for the postural control in elderly women.
Perhaps other aspects such as nutritional condition, sensory func-
tions, previous surgical procedures, level of physical capacity and
social insertion may be more important for postural control at this
age group than chronological age24,30. Moreover, is it appropriate to
analyze the inﬂuence of the aging process on the postural control
system without taking into account bio-psychosocial aspects?
In the present study, 65% of the participants from Group 1, 55%
from Group 2 and 60% from Group 3 reported that they practiced
physical activity. Participants of the three groups performed
approximately 3.7 hours of low-level physical activity (e.g.,
walking, swimming, dancing) per week (Table 1). This suggests that
the experimental groups were indeed similar in relation to the level
of physical capacity. However, no assessment was carried out to
verify the level of physical abilities such as force and movement
amplitude, which are important for maintenance of static and
mainly dynamic balance13,31.
Additionally, lifestyle and psychological aspects (e.g., fear of
falling) can also inﬂuence postural control32e34. We have veriﬁed in
the present study that the results regarding Groups 2 and 3, whose
participants had experiencedmore falls (45%), were similar to those
of Group 1, where only 5.8% of the women reported any fall. This
means that the experience of a fall did not inﬂuence signiﬁcantly
our results, although we did not knowwhich women feared falling.
Further studies might include questionnaires on nutrition, lifestyle,
and psychological aspects such as fear of falling and self-
conﬁdence. Moreover, they might also include male participants,
other age groups and evaluation of physical abilities such as force
and movement amplitude.
In conclusion, our ﬁndings have demonstrated that the postural
control performance in women aged 60e74 years is not related to
age per se because age difference produced no noticeable change in
either balance or pattern of muscle activation for this population.
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